ADA-  on  <j3l 


FIA-76-U145 


AD 

AQ 


USAOACS  Tochntc*!  library 


5 0712  01001090  7 


RISK  ANALYSIS  OF  THE 


US  ARMY  155MM  CANNON-LAUNCHED 
GUIDED  PROJECTILE  PROGRAM 


MARTIN  NETZLER,  JR. 


technical 

library 


DECEMBER  1974 


Approved  for  public  release;  distribution  unlimited. 


0 S A R aj  y 

St 


US  ARMY  ARMAMENT  COMMAND 

Systems  Analysis  Directorate 

ROCK  ISLAND,  ILLINOIS  61201 


DISPOSITION 


Destroy  this  report  when  no  longer  needed.  Do  not 
return  it  to  the  originator. 


DISCLAIMER 

The  findings  in  this  report  are  net  to  he  construed 
as  an  official  Department  of  the  Army  position. 

WARNING 


Information  and  data  contained  in  this  document  are 
based  on  input  available  at  the  time  of  preparation. 

Because  the  results  may  be  subject  to  change,  this  document 
should  not  be  construed  to  represent  the  official  position 
of  the  US  Army  Materiel  Command  unless  so  stated. 


unclassified 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dmtm  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT'S  CATALOG  NUMBER 

k AMSAR/SA/N-30 

f tsubiia *)  Rigk  AnaXySis  Df  The  US  Army  155mm 

Cannon-Launched  Guided  Projectile  Program 

5.  TYPE  OF  REPORT  ft  PERIOD  COVERED 

Note  - Interim 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORS 

Martin  Netzler,  jr. 

8.  CONTRACT  OR  GRANT  NUMBERffJ 

9 PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Command 
Systems  Analysis  Directorate 
Rock  Island,  IL  61201 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  6 WORK  UNIT  NUMBERS 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Array  Armament  Command 
Systems  Analysis  Directorate 
Rock  Island,  IL  61201 

12.  report  date 

December  1974 

13.  NUMBER  OF  PAGES 
22 

14.  MONITORING  AGENCY  NAME  & ADDRESS (it  different  from  Controlling  Office) 

15.  SECURITY  CLASS,  (of  thle  report) 

Unclassified 

15*.  declassification/downgrading 
SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thle  Report) 

^ Approved  for  public  release;  distribution  unlimited 

• 

17.  DISTRIBUTION  STATEMENT  (of  the  mbetrect  entered  In  Block  20,  It  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

19o  KEY  WORDS  (Continue  on  reeeree  elde  If  neceeemry  end  Identify  by  block  number) 

Guided  Projectile 
Risk  Analysis 
VERT 

Network  Analysis 

20.  ABSTRACT  (Continue  on  reeeree  elde  If  neceeemry  end  Identify  by  block  number) 

This  analysis  estimates  the  schedule  and  cost  risks  associated  with  the  Army 
155mm  Cannon- Launched  Guided  Projectile  (CLGP)  development  program.  The  analy- 
sis considered  the  Army  CLGP  program  from  1 January  1975  to  initiation  of  full 
scale  production.  Uncertainties  were  analyzed  by  simulating  the  program  using  a 
network  format  and  representing  cost  and  schedule  as  random  variables.  Statis- 
tics were  obtained  using  the  VERT  network  analyzer.  The  planned  program  schedule 
land  costs  were  found  to  be  close  to  those  obtained  from  the  network  analysis. 

DD  , 


FORM  1473 

JAN  73  W* 


EDITION  OF  1 NOV  65  IS  OBSOLETE 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  fWTien  Dmtm  Eniere d) 


SUMMARY 


A risk  analysis  was  conducted  on  the  Army  155mm  CLGP  program.  Pro- 
gram cost  and  schedule  uncertainties  were  examined  from  1 January  1975 
to  initiation  of  full  scale  production.  These  uncertainties  were  analyzed 
by  simulating  the  program  using  a network  format  and  representing  cost 
and  schedule  as  random  variables.  Statistics  were  obtained  Using  the 
Venture  Evaluation  and  Review  Technique  (VERT)  network  analyzer. 

The  program  schedule  and  costs  are  close  to  those  obtained  from  the 
network  analysis.  The  probability  of  meeting  the  63  month  program  schedule 
is  47%,  the  cost  probability  of  meeting  the  $68M  programmed  cost  is  30%. 
However,  the  probability  of  entering  full  scale  production  within  ± 6 
months  of  the  63  month  schedule  is  90%.  There  is  about  a 30%  chance  that 
the  program  cost  will  be_between  $59M  and  $63M  and  a 70%  chance  that  the 
cost  will  be  between  $69M  and  $72M.  This  result  is  due  to  the  absence 
or  presence  of  significant  technical  difficulties. 


Next  page  is  blank. 


3 


CONTENTS 


OBJECTIVE  7 

INTRODUCTION  7 

APPROACH  7 

NETWORK  7 

DATA 8 

RESULTS  8 

SENSITIVITY  ANALYSIS  10 

DISTRIBUTION  LIST  22 


Next  page  is  blank. 


5 


OBJECTIVE 


The  objective  of  this  analysis  was  to  estimate  the  schedule  and  cost 
risks  associated  with  the  Army  155mm  Cannon-Launched  Guided  Projectile 
(CLGP)  development  program.  The  analysis  considered  the  Army  CLGP  program 
from  1 January  1975  to  initiation  of  full  scale  production. 

INTRODUCTION 

The  initial  objective  of  this  analysis  was  to  compare  performance, 
schedule,  and  cost  risks  for  the  Army  155mm  CLGP  program,  a combined 
Navy  and  Army  program,  and  a 5-Inch  Navy  round  with  sabot.  Lack  of  timely 
performance  data  and  data  on  the  Navy  development  program  reduced  this 
objective  to  the  evaluation  of  schedule  and  coat  uncertainties  for  the 
current  Army  program. 

APPROACH 

The  Venture  Evaluation  and  Review  Technique  (VERT)  was  used  to  evalu- 
ate the  schedule  and  cost  uncertainties.  This  network  technique  uses 
lines  (arcs)  to  represent  activities  which  consume  cost  and/or  time 
(e.g.,  testing)  resources,  or  carry  information  (e.g.,  test  successfully 
completed).  Boxes  (nodes)  of  the  network  are  used  to  represent  program 
milestones  (e.g.,  initiation  and  termination  of  activities,  decision  point). 
Logic  features  are  contained  in  the  nodes  for  input  and  output  arcs 
(e.g.,  "AND"  input  logic  requires  all  input  arcs  to  be  completed  before 
the  output  arcs  are  Initiated).  "Monte  Carlo"  (MC)  output  logic  initiates 
one  of  several  output  arcs  (e.g.,  pass  or  fail  test)  according  to  speci- 
fied probabilities.  Concurrent  activities  were  considered  by  constructing 
parallel  arcs. 

Once  the  program  was  structured  in  the  network  format,  minimum, 
maximum  and  most  likely  time  and  cost  estimates  were  obtained  for  each 
of  the  represented  activities.  In  addition,  a cost  and  time  relation- 
ship was  specified  to  account  for  cost  increases  due  to  slipped  schedules. 

An  iteration  consists  of  tracing  the  program  flow  by  statistically 
sampling  the  cost,  time,  and  probabilistic  nodes.  Several  hundred 
iterations  were  used  to  obtain  the  schedule  and  cost  data  presented  in 
this  report. 

NETWORK 

The  Life  Cycle  System  Management  Model  for  Major  Systems  (AR  1000.1) 
was  used  as  the  basis  for  the  CLGP  network.  After  a number  of  reviews 
and  modifications  by  the  CLGP  Project  Manager's  Office  (AMCPM-CAWS ) , 
the  network  shown  in  Figure  1*  was  derived.  A description  of  the 
activities  is  presented  in  Table  1.  The  network  is  initiated  at  1 January 
1975  and  continues  to  the  initiation  of  full  scale  production 

*A11  figures  and  tables  (except  Figure  2)  are  at  back  of  Note. 
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DATA 


AJ 1 dntn  were  obtained  from  AMCPM-CAWS.  Minimum,  maximum,  and  moat 
likely  time  estimates  were  specified  for  each  activity.  These  estimates 
were  input  as  a triangular  distribution  and  illustrated  in  Figure  2. 


Frequency 

Of 

Occurrence 


Linear  cost  functions  were  considered  to  relate  cost  and  schedule 
uncertainties. 


Cost  ■ a + b • time 


where 


a - Costs  not  dependent  on  time;  minimum,  maximum,  and  most 
likely  values  were  estimated. 

b - Time  dependent  costs, estimates  of  the  monthly  dollar  rate 
were  obtained. 

These  schedule  and  cost  data  are  presented  in  Table  1 for  each 
activity  represented  in  the  network.  All  costs  are  in  FY  74  dollars. 

The  lack  of  probability  of  program  termination  is  a reflection  of 
the  AMCPM-CAWS  feelings  that  all  technical  problems  are  resolvable 
within  the  current  program.  However,  delays  due  to  technical  failures 
will  increase  program  cost  and  time;  these  Increases  are  reflected  in 
the  results. 

RESULTS 

Table  2 presents  a comparison  between  key  program  milestones  and 
the  expected  time  values  obtained  from  the  computer  runs.  A compari- 
son between  the  programmed  costs  and  the  expected  costs,  obtained  from 
the  network  analysis,  is  also  presented.  The  expected  values  are  ob- 
served to  be  close  to  the  AMCPM-CAWS  program  values.  The  probability 
of  meeting  the  63  month  program  estimate  is,  from  Figure  3,  47 %;  the 
probability  of  staying  within  the  $67. 8M  budget  is,  from  Figure  4,  30%. 
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TABLE  2.  RESULTS 


NODE 

MILESTONE 

AMCPM-CAWS 
SCHEDULE  (MO) 

EXPECTED3 
SCHEDULE  (MO) 

AMCPM-CAWS 
PROGRAMMED  COSTS  (M) 

EXPECTED3 
COST  (M) 

N6 

ASARC/DSARC  II,  Sign  ED 

9.0 

8.3 

N14 

Begin  DT/OT  II 

32.5 

32.0 

N19 

ASARC/DSARC  Ha,  Sign 
LRIP  Contract 

41.0 

38.9 

N25 

Begin  DT/OT  III 

55.0 

56.4 

N32 

ASARC/DSARC  III,  Begin 
Full  Scale  Production 

63.0 

64.0 

$67.8 

$68.5 

Results  of  network  analysis 


Figure  3 shows  that  the  program  will  be  completed  within  ± 6 months  of 
the  programmed  schedule  with  90%  confidence.  Analysis  of  Figure  4 shows 
that  the  program  cost  will  either  range  between  $59M  and  $63M  or  between 
$69M  and  $72M,  with  high  probability.  This  dichotomy  results  from  the 
presence  or  absence  of  significant  technical  difficulties. 

SENSITIVITY  ANALYSIS 

Time  did  not  permit  estimating  minimum  and  maximum  values  of  fixed  costs 
only  the  most  likely  estimates  were  obtained.  Therefore,  a sensitivity 
analysis  was  conducted  in  which  these  values  were  input  as  ± 10%,  and  then 
± 25%,  deviations  from  the  most  likely  value.  (For  example,  a most  likely 
estimate  of  $10M  would  give  rise  to  a minimum  value  of  $9M  and  a maximum 
value  of  $11M,  for  the  10%  case.)  These  minimum,  most  likely,  and  maximum 
values  formed  the  parameters  of  a triangular  distribution,  as  discussed 
under  DATA. 

The  results  of  this  analysis  are  presented  in  Table  3.  Expected  costs 
are  unaffected,  but  the  cost  ranges  are  increased,  see  Figures  5 and  6. 

The  observed  increases  in  the  probability  of  meeting  programmed  costs  are 
due  to  increased  probabilities  of  lower  costs  to  resolve  technical  diffi- 
culties. Alternatively,  higher  costs  are  also  observed.  The  increased 
cost  range  for  the  ± 10%  case  is  insignificant  when  compared  with  the  base 
case  (AMCPM-CAWS  data).  However,  the  sharp  cost  distinction  between  en- 
countering or  not  encountering  significant  technical  problems  is  obliterated 
in  the  ± 25%  case,  see  Figure  7.  A maximum  cost  increase  of  about  10%  of 
the  programmed  cost  is  observed  for  the  worst  situation  (the  ± 25%  case) . 
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Figure  1 

Network  of  Army  155mm  Cannon-Launched 
Guided  Projectile  Program  - From  1 January  75 
to  Initiation  of  Full  Scale  Production. 
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TABLE  1.  DESCRIPTION  OF  ACTIVITIES  FOR  NETWORK  (FIGURE  1) 


Activity 

No. 

Time  (MOs) 

Description  of  Activity 

MC 

Kin 

Max 

ML 

Cost  Function 

1 

If  Alternative  01  is  selected,  the  DP  nay  be  revised  to  reflect 
special  DSARC 

1 

2 

1.5 

47900t 

2 

If  Alternative  02  is  selected,  some  redesign  of  Army  gyro  and 
optics 

3 

If  Alternative  03  is  selected,  revalidate  the  COEA  and  design 
adaptation  kit 

4 

Revise  DP  if  Alternative  02  or  03  is  selected 

.80 

1 

2 

1.5 

47900t 

60 

Fail 

.20 

0 

0 

0 

— 

5 

Prepare  and  issue  RFP  for  ED  contract 

0 

1 

0.5 

47900t 

6 

Contractor  prepare  proposals  and  government  evaluate 

4 

5 

4 

47900t+110,000 

7 

Negotiate  awards  with  all  likely  winners;  obtain  concurrences 

1 

3 

2 

47900t 

8 

Contractor  design 

10 

18 

15 

200,000t 

9 

Dummy 

10 

Conduct  MMT  effort  - (Not  an  R6D  task  - PEMA  funded) 

14 

23 

18 

200,000t 

11 

Conduct  PEP;  to  be  completed  at  signing  of  LRIP 

12 

16 

14 

9,535,400 

12 

Update  DP  before  ASARC/DSARC  II 

1 

2 

1.5 

47900t 

13 

Update  DP,  sign  contract,  and  reflect  ASARC/DSARC  II  decisions 

.30 

.5 

1.5 

1 

47900t 

14 

Renegotiate  contract  changes  by  ECP 

.70 

1 

2 

1 

47900t 

15 

Update  DP,  sign  contract,  and  reflect  ASARC/DSARC  II  decisions 

.25 

J 5 

.50 

47900t+25000 

16 

Contractor  fabricate  hardware 

3 

4 

3 

6,156,000 

17 

Conduct  EDT 

4.5 

7 

5 

2,616,000 

TABLE  1 (Cont'd) 


Activity 

No. 

Time 

(MOs) 

(o 

Dpscriotion  of  Activity 

MC 

Min 

ML 

Cost  Function 

18 

Fabricate  OT/DT  II  hardware  without  redesign  and  deliver 
(240  rds  for  day  one,  124  second  month  and  85  third  month) 

.28 

6 

8 

7 

24,900,000 

19 

Redesign  and  fabricate 

.72 

2 

5 

3.5 

200 , OOOt+6 , 156 , 000 

20 

Conduct  EDT 

1 

3 

2 

2,616,000 

21 

Fabricate  OT/DT  II  hardware  if  redesign  carried  out  and  deliver 

4 

9 

7 

24,900,000 

22 

Dummy 

23 

Conduct  partial  0T  II  tests  to  meet  needs  of  DSARC  Ha 

2 

4 

3 

280,000 

24 

Conduct  partial  DT  II  tests  to  meet  needs  of  DSARC  Ha 

4 

8 

6 

568,000 

25 

Negotiate  LRIP 

2.5 

4 

3 

47 ,900t 

26 

Complete  remaining  DT/OT  II  tests 

11 

14 

12 

1,719,000 

27 

Evaluate  partial  0T  II  test  and  prepare  test  report 

1 

2 

1 

47 ,900t 

28 

Evaluate  partial  OT  II  tests  independently  and  prepare  test  report 
(OTEA  will  perform  subject  to  TRADOC  concurrence) 

2 

4 

2 

47 ,900t 

29 

Evaluate  partial  DT  II  tests  and  prepare  test  report 

1 

2 

1 

47 ,900t 

30 

Dummy  signal 

.13 

0 

0 

0 

0 

31 

Signal  to  allow  signing  of  LRIP  and  perform  redesign  by  ECP 

.82 

0 

0 

0 

0 

32 

Major  redesign  and  test  after  DT/OT  II  test  report 

.05 

8 

13 

11 

200 , 000t+2 , 567 , 000 

33 

Dummy  signal 

0 

0 

0 

0 

34 

Fail 

0 

0 

0 

0 

35 

Dummy 

36 

Preliminary  fabrication  of  DT/OT  III  hardware 

9 

13 

11 

1,102,400 

TABLE  1 (Cont'd) 


Activity 

No. 

Time 

CHOs) 

(t) 

Description  of  Activitj^ 

MC 

Min 

Max 

ML 

Cost  Function 

37 

Preliminary  fabrication  of  DT/OT  III  hardware 

9 

13 

11 

1,102,400 

38 

Negotiate  ECP  for  minor  change 

2.5 

4 

3 

47 ,900t 

39 

Redesign-minor  (to  account  for  cost) 

1 

3 

2 

200, 000t+l ,300,000 

40 

Dummy  Signal 

41 

Preliminary  fabrication  of  350  items  (LRIP) 

9 

13 

11 

1,102,400 

42 

Complete  fabrication 

.2 

3 

5 

4 

2,576,000 

43 

Redesign  based  DT/OT  II  results 

.8 

1 

3 

2 

200,000t 

44 

Complete  fabrication 

3 

5 

4 ! 

2,576,000 

45 

Conduct  DT  III  tests,  evaluate,  and  present  test  report 

4 

8 

6 

. 47 ,900t+971 ,000 

46 

Conduct  OT  III  tests,  evaluate,  and  present  test  report 

3 

4 

3 

47 , 900t+508 , 000 

47 

Major  redesign  and  rebuild 

.05 

2 

4 

3 

200,000t 

48 

Minor  redesign/rebuild 

.35 

1 

3 

2 

200,000t 

49 

Update  DP,  prepare  TC  action 

.60 

1 

2 

1.5 

47 ,900t 

50 

Check  test  after  major  rebuild 

1 

2 

1 

47 ,900t 

51 

Check  test  after  minor  rebuild 

1 

2 

1 

47 ,900t 

5e 

Dummy  signal 

52 

Prepare  and  issue  2 step  IFB  for  FSP 

2.5 

15 

3.0 

47 ,900t 

53 

ASARC  III,  government  evaluate  contractor  prepared  proposals  and 
select  a winner 

2.5 

4.0 

3.0 

47 ,900t 

54 

DSARC  III,  update  DP,  TDP,  finalize  documentation,  sign  FSP  and 
begin  FSP 

.5 

L5 

1.0 

47 ,900t 

TABLE  3.  COST  RESULTS  (M) 


AMCPM-CAWS  DATA 

FIXED 

SENSITIVITY 

COSTS 

ANALYSIS 

AMCPM-CAWS  Programmed  Costs 

$67.8 

± 10% 

± 25% 

Expected  Program  Costsa 

$68.5 

$68.5 

$68.5 

Probability  of  Meeting  Programmed  Costs 

.30 

.33 

.42 

0 - 30%  costa 
Probability  Interval 

$59-$63 

$59-$64 

S57-S65 

30  - 100%  costa 

$69-$72 

$68-$73 

S65-S77 

Probability  Interval 
aResults  of  network  analysis 
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Figure 

3.  Time  Distribution  From  Jsn  75  to  Full  Production 
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Figure  4.  Cose  Distribution  From  Jan  75  to  Full  Production  - 155m  CLGP 
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